Objective: To examine the association between patient race/ethnicity, insurance status, and their interaction with patient safety indicators among hospitalized patients.
IntroductIon
Health disparities associated with race and insurance status are widely documented. A 2003 Institute of Medicine report states that racial/ethnic minorities and low-income groups are disproportionately affected by medical care disparities in the United States, even after controlling for income and access to care. 1 This report suggests that, "the sources of these disparities are complex and rooted in historic and contemporary inequalities, and involve many participants at several levels, including health systems, healthcare managers, medical professionals and patients". Previous research indicates that minority patients are more likely to receive lower quality of care across a range of conditions and care processes, and have higher morbidity and mortality rates including some patient safety indicators on selected outcomes. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Patient safety indicators (PSIs), developed by the Agency for Healthcare Research and Quality (AHRQ), are a set of indicators providing information on potential in-hospital complications and adverse events following surgeries, procedures, and childbirth. The PSIs were developed after a comprehensive literature review, analysis of ICD-9-CM codes, review by a clinician panel, implementation of risk adjustment, and empirical analyses. The PSIs provide the opportunity to assess the incidence of adverse events and in-hospital complications usRacial and insuRance status dispaRities in patient safety indicatoRs among Hospitalized patients 14 Research on the examination of patient safety in relation to potential disparities in care among patients across different racial/ethnic and health insurance groups has been limited and has yielded mixed findtors. Coffey and colleagues found that higher adverse event rates for non-Hispanic Blacks when compared with non-Hispanic Whites remained higher even after accounting for income. [16] [17] [18] However, after results were adjusted for income, Asian/Pacific Islanders and Hispanics elevated event rates when compared with non-Hispanic Whites disappeared.
Health insurance has been shown to be yet another factor that is associated with disparities in health care. Roughly 16% of the US population lacks health insurance and Hispanics/ Latinos have the highest uninsured rate of 33% making them particularly vulnerable to potential disparities in health care. 40% of uninsured African Americans are under the federal poverty line to be eligible for Medicaid expansion under the Affordable Care Act. 20 Evidence indicates that the uninsured or those with Medicaid for health insurance are associated with lower likelihood of receiving needed care and higher likelihood of poor outcomes. 15, 21, 22 Furthermore, effects of interactions of race and health insurance status on outcomes have also been less studied. Belgrave, Wykle, and Choi argue that multiple unfavorable socioeconomic factors (eg, minority and uninsured) may aggravate the negative effects on individual health than that of the additive effects of the single factors. 23 Shen and colleagues reported that African American patients with Medicaid or being uninsured experienced exacerbating adverse outcomes compared with White patients with private insurance coverage. 21 The purpose of our study, therefore, was to examine the association between patient race/ethnicity, insurance status, and their interactions with the PSIs by using nationally representative sample of hospital discharges. Our hypotheses were:
H1: Minority patients were more likely to incur adverse PSIs than their White counterparts; H2: Patients with Medicaid or uninsured were more likely to incur adverse PSIs than patients covered by private insurance; H3: Race and health insurance have interactive effects on adverse PSIs.
Methods

Study Design and Data
This was a cross-sectional study, and the unit of analysis was the hospital discharge. The data were mainly from the 2009 National Inpatient Sample (NIS), maintained by AHRQ. The NIS contains 20% of all community hospital discharges in the United States. In addition, the American Hospital Association (AHA) annual survey data were used to control for hospital characteristics. A total of 3,052,268 discharges that were related to the PSIs were identified by the AHRQ Patient Safety Indicator (PSI) Software, Version 4.4.
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Measures
Our dependent variables were the PSIs, developed by AHRQ.
14 After running the AHRQ PSI software on the 2009 NIS data, we identified 17 PSIs. We removed six indicators whose frequencies were less than 0.1% because we believed that meaningful differences in those indicators across racial/ethnic and insurance 
Data Analysis
To model the relationship between race and health insurance status with the 11 dichotomous PSI dependent variables, we used generalized logistic models to take into account potential within hospital effect among patients in the same hospital (ie, patients were not randomly sampled within hospital). The patient's age, sex, and 29 comorbidities that were developed by AHRQ were adjusted in the multivariable analysis. 25 In addition to the risk adjustment, we also controlled for hospital-level variables, such as bed size, ownership type, teaching affiliation, system membership, network participation, the number of staffed beds per full time equivalent registered nurses, percentage Medicare patients, percentage Medicaid patients, capitation-based reimbursement, market competitiveness, rural or urban hospital, and hospital region. 26, 27 Given that there were more than 40 independent variables to be modeled, we used the preliminary regression analysis for detecting multicollinearity among independent variables in the multivariable models. 28 For example, teaching hospital status was not included in the multivariable model because it was highly correlated to bed size; percentage of Medicare patients was not included due to its high correlation with percentage of Medicaid patients. In regard to interactions between race and insurance status, we included an interaction term if both main effects (ie, one for race, the other for insurance status) were toward the same direction (i.e., both with a positive sign or a negative sign) and statistically significant in the multivariable model, but only retained the interaction term if it was statistically significant. For example, if both Medicaid and African American (AA) were positive and significant, we formed an interaction term, Medicaid*AA, in the multivariable. If the interaction term was significant, its results would be shown; if the interaction term was not significant, the original results of the main effects without the interaction remained. Table 2 shows unadjusted descriptive results of all patients. About one quarter of the patients were minorities, 12% were covered by Medicaid and 6.1% were uninsured. The average hospital stay was 5.1 days. Table 3 lists number of patients and the respective percentage for each of the 11 PSI incidents. PSI15 had the highest denominator, because virtually all patients had a risk of incurring the accidental puncture/laceration whereas PSI18 had the lowest denominator of 35,075. PSI18 and PSI04 had the highest percentages (13.98% and 12.58%, respectively) whereas PSI10 was the least frequent (0.14%). Furthermore, most PSIs showed statistical significance in bivariate analyses across race and health insurance status. Tables 4, 5 
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Medicaid and uninsured patients were less likely to incur the incident (OR .60; CI .56, .64 and .64; .54, .76 for Medicaid patients and uninsured patients, respectively) ( Table 6 ).
dIscussIon
Our racial/ethnic group findings were consistent with prior studies that used PSIs to examine racial/ ethnic disparities. 29 Although we found that, compared with White patients, African American patients and Hispanic/Latino patients have higher occurrence in three and two PSI events, respectively, it is surprising to observe that Asian/Pacific Islander patients have five PSI events.
Given that abundant studies report wider disparities between White and African American and between
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White and Hispanic than between White and Asian/Pacific Islander, our finding was, to some degree, unexpected and merits further research. One potential explanation is that, during the decade of the 2000s, there were rapidly growing increases in the US Asian populations, particularly Asians with limited English proficiency (LEP), and there is evidence that LEP patients are more likely to experience hospital-based adverse errors. 30 As discussed, the study appears to be one of the first ones to examine the association between the insurance status of adult hospital patients and the occurrence of PSIs. We found that Medicaid patients were more likely than privately insured patients to have experienced PSI events in six of the 11 PSIs that we examined. We also found that uninsured patients were more likely to experience PSI events in only two of the 11 PSIs studied. Thus, it appears that poverty may be more predictive of a hospital patient experiencing a PSI event than purely being insured or uninsured.
Moreover, we found considerable overlap between insurance status and racial / ethnic status. Interactive effects between African American and Medicaid indicate, again, that poverty may be a key factor being associated with disparities in health care, which also shows the complexity of addressing disparities related to racial/ethnicity and health insurance status. More research is needed to further differentiate the relationship between patient race/ethnicity, insurance status and patient safety.
Nevertheless, the question remains as to why Medicaid patients were more likely to experience PSI Further research is needed to delineate the potential relationship between race/ethnicity, insurance status and LEP. This is an important research area given the rapidly growing Asian and Hispanic immigrant LEP populations in this country, who may be at risk for hospital adverse errors.
Potential limitations were identified of this study: 1) there may be a need for more race-specific comorbidities for PSIs, 32 because, as we noted, we were unable to rule out race-based physiological differences that might be underlying some of the racial PSI differences; 15 2) there still may be coding errors in the reporting of PSIs -for example, surgically based PSIs appear to more reliable than medically based PSIs; 33 3) as has already been discussed, we were not able to control for individual differences in LEP status that may be confounding our racial/ethnicity and insurance status findings; and, 4) the representation of the US population of all hospital discharges in our sample might be compromised due to the loss of some discharges in the process of combining NIS, AHA and AHRQ PSI datasets. 15, 32, 33 
conclusIon
In conclusion, issues surrounding race and insurance status discrepan- 
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cies in patient safety and care are complicated, which merits further investigation. Since Medicaid is a significant factor in several of the disparity findings and can also be related to race and ethnicity, further research needs to examine whether hospitals that admit a higher proportion of low-income and/or uninsured patients have poorer patient safety outcomes. These conditions may also affect other factors such as hospital staffing rates. Future research is also merited to identify underlying factors that are related to unfavorable patient safety indicators among Asian/Pacific Islander patients. Given the expansion of Medicaid programs across the country due to the Affordable Care Act, we will likely to see an increase in Medicaid patients, many of them may be new to the health care system. Factors including pent up demand for coverage may lead to an increase in sicker patients for the short term and these patients may be prone to being at risk for conditions that may lead to poorer patient outcomes; strategies are needed to improve patient safety indicators for the Medicaid program.
